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Effects of Drought Stress on Population Growth Rate of an Insect Pest, Soybean Aphid 
(Aphis glycines Matsumura) 
Christopher Culkin, Vamsi Nalam, Punya Nachappa 
Department of Biology, 302 Science Building, Indiana University-Purdue University Fort Wayne, Fort Wayne, IN 46805 
I. Background 
II. Objectives 
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• Soybean 
• Soybean (Glycine max) is an important crop 
due to its versatility as a food source as well 
as various applications in industries such as 
biofuel and textiles (Fig 1).  
• In 2012, Indiana farmers planted 5.4 million 
acres of soybeans contributing 1.5 billion US 
dollars to the state economy [1]. 
 
• Drought stress 
• During summer 2012, Indiana received less 
than one inch of rain throughout the months 
of June and July causing severe drought [2] 
(Fig. 2). 
• Soybean yield in Indiana was 39.3 bushels 
per acre, the lowest since 2003 [3]. 
 
• Soybean Aphid 
• Soybean aphid (SBA) (Aphis glycines 
Matsumura) is an invasive pest from China [4] 
(Fig. 3). 
• Aphids cause loss of crop yield due to feeding 
and as a vector for the Soybean Mosaic Virus 
[5]. 
• There are no published reports on the 
effects of drought stress on soybean 
aphids. 
 
Fig. 2. Drought Spread 
in the United States 
Fig. 3. Soybean Aphid V. References  
VI. Acknowledgments 
III. Methods 
• Plant and Insect Source 
• Soybean variety AG3432 was used for all experiments. 
• Soybean aphids were obtained from Purdue University, West 
Lafayette. 
• Plants were grown at 50-60% relative humidity, temperatures were 
maintained at 25ºC with a photoperiod of 16:8 (L:D) h (Fig. 5). 
• Drought Stress Protocol and Aphid Assay 
• The treatments were four levels of Soil Water Content (SWC): 30, 
50, 70, and 100% SWC as delivered by SWC logger. 
• Twenty aphids were placed on one set of plants (+SBA) and 
another set did not get exposed  to aphids (-SBA). There were 3-4 
plants per treatment. The experiment was repeated twice. 
• Number of aphids  were counted each day for 7 days.  
• At end of experiment  soybeans plants were collected, dried and 
weighed to compute water content in plants. 
• Plant tissues were collected from the oldest leaf and placed in -
80ºC freezer.  
• RNA was extracted from plant tissues for cDNA synthesis and gene 
expression analysis. 
 
 We would like to thank Dr. Christian Krupke for the aphid colonies and 
Dr. Jordan Marshall for the data logger used to detect SWC.  
IV. Results 
Fig. 1. Soybean Plant 
IV. Results (cont.) 
 
• Aphid Populations 
• Aphid populations were highest at 
day 7 compared  to other days  
(ANOVA, P<0.0001) (Fig. 6). 
• Aphid populations were highest at 
SWC of 70% followed by 30%, 
100%  and 50% SWC (ANOVA, 
P<0.0001) (Fig. 6). 
 
 
 
 
 
Fig. 6. Daily Average Aphid 
Population per Plant 
Fig. 4. Relation between Soil Water 
Content and Water Content in Plant. 
 • Long Term Objective 
• Discover plant genes that will contribute to the development of 
drought resistant soybean varieties. 
• Short Term  Objectives 
• Determine the effects of drought stress on soybean aphid 
populations 
• Investigate plant defense mechanisms in drought stressed soybean 
plants. 
• Drought Stress Parameters 
• Soil water content  was positively 
correlated with water content in the 
plant  with or without SBA (Fig 4). 
• Higher the SWC, higher the water 
content in plants and lower the 
drought stress. 
 
• Drought Stress Gene 
Expression 
• The house-keeping gene,GmElf1-B 
was expressed in all plants (Fig. 5). 
• Expression of drought stress 
marker gene, RD20A, was up-
regulated with decreasing SWC 
(Fig. 5). 
 
• GmPR1 is a marker gene for  
salicylic acid, a plant defense 
hormone. GmPR1 expression was 
up-regulated in drought stressed 
plants (Fig. 7). 
• GmJAR1 is a marker for another 
plant defense hormone, jasmonic 
acid. The expression of this gene 
was down-regulated in drought-
stressed plants (Fig. 7). 
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Fig. 5. Drought stress-related gene 
expression analysis. 
Fig. 7. Plant Defense Signaling Gene 
Expression 
• Plant Defense Gene Expression 
• To summarize, drought stress seems to have a positive effect on 
salicylic acid genes, but a negative effect on jasmonic acid genes. 
